Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.002 Å; R factor = 0.036; wR factor = 0.102; data-to-parameter ratio = 12.9.
In the title compound, C 19 H 15 NO 5 , the dihedral angle between the naphthalene ring system and the benzene ring is 61.97 (5) . The dihedral between the naphthalene ring system and the bridging carbonyl C-C( O)-C plane is 54.68 (6) , far larger than that [12.54 (7) ] between the phenyl group and the bridging carbonyl group. The nitro group and the phenyl ring are almost coplanar [O-N-C-C torsion angle = 2. 94 (19) ]. In the crystal, molecules are linked by C-HÁ Á Á interactions and the phenyl rings are involved in a centrosymmetricinteraction with a perpendicular distance of 3.523 Å and a lateral offset of 1.497 Å . In addition, weak intermolecular C-HÁ Á ÁO hydrogen bonds are formed between an H atom of one methoxy group and a nearby carbonyl O atom.
Related literature
For general background to the regioselective formation of peri-aroylnaphthalene compounds, see: Okamoto & Yonezawa (2009) . For related structures, see: Mitsui et al. (2008 Mitsui et al. ( , 2009 ; Nakaema et al. (2007, 2008) ; Watanabe et al. (2010a,b Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the naphthalene ring system C1-C5,C10. , 1996) ; software used to prepare material for publication: SHELXL97. 2,7-Dimethoxy-1-(4-nitrobenzoyl)-naphthalene S. Watanabe, K. Nakaema, T. Nishijima, A. Okamoto and N. Yonezawa
Comment
In the course of our study on electrophilic aromatic aroylation of 2,7-dimethoxynaphthalene, peri-aroylnaphthalene compounds have proven to be formed regioselectively with the aid of suitable acidic mediators (Okamoto & Yonezawa, 2009 ).
The aroyl groups at the 1,8-positions of the naphthalene rings in these compounds are twisted almost perpendicularly but the benzene ring moieties of the aroyl groups tilt slightly toward the exo sides of the naphthalene rings. Recently, we reported the structures of 1,8-diaroyl-2,7-dimethoxynaphthalenes, i. e., 1,8-bis(4-chlorobenzoyl)-2,7-dimethoxynaphthalene (Nakaema et al., 2007 ), 1,8-dibenzoyl-2,7-dimethoxynaphthalene (Nakaema et al., 2008 , (2,7-dimethoxynaphthalene-1,8diyl)bis(4-fluorobenzoyl)dimethanone (Watanabe et al., 2010a) and bis(4-bromobenzoyl)(2,7-dimethoxynaphthalene-1,8diyl)dimethanone (Watanabe et al., 2010b) . Furthermore, the crystal structures of 1-aroyl-2,7-dimethoxynaphthalenes, i. e., 1-(4-chlorobenzoyl)-2,7-dimethoxynaphthalene (Mitsui et al., 2008) and (4-chlorobenzoyl)(2-ethoxy-7-methoxynaphthalen-1-yl)methanone (Mitsui et al. 2009 ), also exhibit essentially the same non-coplanar structure as the 1,8-diaroylated naphthalenes. As a part of our ongoing studies on the formation and the structure of the aroylated naphthalene derivatives, the synthesis and crystal structure of (I), a 1-monoaroylnaphthalene bearing nitro group, is discussed in this report. (I) was prepared by electrophilic aromatic aroylation reaction of 2,7-dimethoxynaphthalene with 4-nitrobenzoyl chloride.
The molecular structure of (I) is displayed in Fig. 1 . The interplanar angle between the benzene ring (C12-C17) and the naphthalene ring (C1-C10) is 61.97 (5)°. The dihedral angle between the carbonyl and the naphthalene is 54.68 (6) The molecular packing of (I) is mainly stabilized by van der Waals interactions. The molecules are aligned consecutively in stacks along the c axis ( Fig. 2) . Adjacent 4-nitrophenyl groups related by crystallographic inversion centers are exactly antiparallel and the perpendicular distance between the mean planes is 3.523 Å (Fig. 3 ). The centroid-centroid distance between the two antiparallel phenyl rings is 3.8283 (8) Å and the lateral offset is 1.497 Å, indicating the presence of a π-π interaction.
Moreover, molecules are linked by two types of C-H···π interactions. The naphthalene ring acts as a hydrogen-bond donor and the π system of the naphthalene ring [C1-C10 ring (with centroid Cg1)] of an adjacent molecule acts as an accepter (C3-H3···π i ) (Fig. 4) . The methyl group acts as a hydrogen-bond donor and the π system of the naphthalene ring [C1-C10 ring (with centroid Cg1)] of an adjacent molecule acts as an accepter (C19-H19C···π ii ) .
The crystal packing is additionally stabilized by intermolecular weak C-H···O hydrogen bonding between the carbonyl oxygen and a hydrogen atom of a nearby methyl group (C18-H18B···O1 iii ; Fig. 4 and Table 1 ). 8, 22.7, 68.3, 76.4, 82.5, 83.9, 90.3, 91.0, 95.7, 96.5, 96.7, 98.8, 99.6, 109.6, 122.3, 126.0, 162.9; IR (KBr): 1357 , 1594 , 1267 Anal. Calcd for C 19 H 15 NO 5 : C 67.65, H 4.48, N 4.15. Found: C 67.52, H 4.51, N 4 .06.
Refinement
All the H atoms were found in difference maps and were subsequently refined as riding atoms, with C-H = 0.93 (aromatic) and 0.96 (methyl) Å, and U iso (H) = 1.2U eq (C). Fig. 1 . Molecular structure of (I), with the atom-labeling scheme and displacement ellipsoids drawn at the 50% probability level. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Figures
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) 0.0828 (9) 0.0089 (6) 0.0063 (7) −0.0100 (6) C1 0.0460 (7) 0.0403 (6) 0.0467 (7) 0.0025 (5) 0.0017 (5) −0.0048 (5) C2 0.0564 (8) 0.0431 (6) 0.0527 (7) −0.0005 (5) 0.0056 (6) −0.0032 (5) C3 0.0813 (11) 0.0499 (8) 0.0606 (9) 0.0052 (7) 0.0037 (7) 0.0109 (6) 0.0385 (7) 0.0716 (9) 0.0850 (11) 0.0003 (6) 0.0025 (7) −0.0194 (8) C8 0.0462 (7) 0.0607 (8) 0.0639 (9) −0.0073 (6) 0.0069 (6) −0.0128 (7) C9 0.0440 (7) 0.0497 (7) 0.0539 (7) 0.0009 (5) 0.0022 (5) −0.0052 (6) C10 0.0446 (7) 0.0390 (6) 0.0498 (7) 0.0025 (5) −0.0012 (5) −0.0092 (5) C11 0.0393 (6) 0.0501 (7) 0.0446 (7) −0.0017 (5) 0.0020 (5) −0.0009 (5) C12 0.0385 (6) 0.0413 (6) 0.0455 (6) −0.0021 (5) 0.0026 (5) 0.0037 (5) C13 0.0451 (7) 0.0506 (7) 0.0486 (7) 0.0068 (5) −0.0027 (5) 0.0007 (5) C14 0.0549 (7) 0.0511 (7) 0.0478 (7) 0.0018 (6) 0.0011 (6) −0.0025 (5) C15 0.0464 (7) 0.0401 (6) 0.0602 (8) 0.0003 (5) 0.0092 (6) −0.0004 (5) C16 0.0456 (7) 0.0482 (7) 0.0647 (8) 0.0066 (5) −0.0025 (6) 0.0067 (6) C17 0.0467 (7) 0.0495 (7) 0.0480 (7) 0.0002 (5) −0.0024 (5) 0.0047 (5) 
Hydrogen-bond geometry (Å, °)
Cg1 is the centroid of the naphthalene ring system C1-C10. 
